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Hepatitis delta virus (HDV), in association with hepatitis B virus, is responsible for severe acute and chronic
hepatitis. Treatment of the infection relies on the long-term administration of high doses of alpha interferon
(IFN), and the treatment efficiency is monitored by the detection of anti-HDV immunoglobulin M and HDV
genome in serum. Like the case for other chronic viral infections, HDV genome quantification in serum should
be useful for the follow-up of infected patients. The aims of this study were to develop a quantitative assay for
the detection of any type of HDV in serum and to evaluate the benefit of HDV RNA quantification for the
follow-up of chronically infected patients receiving IFN. A real-time reverse transcription-PCR assay was
developed to quantify the HDV RNA load in serum. Its efficacy was evaluated with 160 serum samples, 76 of
which were collected from 11 chronically infected patients who were treated with pegylated IFN. The assay was
sensitive (100 copies/ml of serum) and efficient for all HDV types, including type 3 and the recently described
types 5, 6, and 7. The viral load determinations for treated patients allowed us to identify different profiles of
virological responses to IFN therapy with more accuracy than that attainable with the qualitative approach. In
conclusion, we have developed a quantitative HDV RNA assay for serum which is adapted to the follow-up of
antiviral treatment for patients infected with any HDV type. The assay will help us to understand the natural

history of HDV infection and to define guidelines for the management of chronic delta hepatitis.

Hepatitis delta virus (HDV) is a 36-nm viral particle which
depends on the hepatitis B virus (HBV) for virion assembly
and propagation (16). The HDV particle consists of a circular
single-stranded RNA genome of 1,672 to 1,697 nucleotides
(30, 38) which assembles with two viral proteins, sHD and
LHD, to form a ribonucleoprotein. During the course of viral
replication, the ribonucleoprotein buds through the hepatocyte
endoplasmic reticulum membrane and acquires a lipid enve-
lope in which the hepatitis B virus surface antigens are em-
bedded. Extensive intramolecular complementarity of the
HDYV genome leads to the formation of a pseudo-double-
stranded RNA structure (38). Sequence analyses of numerous
isolates have led to the classification of HDV into at least seven
distinct clades (or types) with different geographic distributions
(30). Briefly, HDV type 1 viruses (genotype I, hereafter named
HDV-1) are found in most areas, types 2 and 4 (genotypes IIA
and IIB, referred to as HDV-2 and HDV-4, respectively) are
located in Far Eastern areas, type 3 (genotype III, referred to
as HDV-3) is found in the northern part of South America,
and types 5, 6, and 7 (HDV-5, HDV-6, and HDV-7, respective-
ly) are found in Western and Central Africa (5, 19, 30, 35, 40).
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HDYV infection can cause severe liver disease, with fulminant
hepatitis occurring at least 10 times more often than for HBV
infection alone and with a chronicity rate reaching 70 to 90%
in cases of superinfection (10, 16, 32). In many cases, chronic
delta hepatitis evolves to cirrhosis (60 to 70%) and hepatocel-
lular carcinoma (13, 34), and the current treatment efficacy is
disappointing (11, 33). Indeed, after 12 months of treatment
with alpha interferon (IFN-a) at a high dose (27 MU weekly)
(12), only about 50% of patients respond positively, but 40% of
responders relapse during the 6 months following the end of
therapy (11). Neither lamivudine, a nucleosidic analog inhibi-
tor of the HBV DNA polymerase (23, 39), nor ribavirin, acy-
clovir, or famciclovir is effective at controlling HDV replication
(1, 14, 42). The diagnosis of HDV infection usually relies on
the detection of specific anti-HDV antibodies, with the pres-
ence of anti-HDV immunoglobulin M (IgM) reflecting ongo-
ing viral replication. However, the serological approach for the
detection of virus replication lacks sensitivity (8, 25). The HDV
antigen is rarely detected in the serum, except in cases of acute
infections (prior to the antibody response) or chronic infec-
tions in severely immunosuppressed patients (17). Therefore,
HDV replication is most efficiently evaluated by the detection
of HDV RNA in serum by the use of homemade qualitative
reverse transcription-PCR (RT-PCR) assays, as no commercial
test is available (21). Several semiquantitative methods have
been proposed to evaluate HDV RNA levels in the serum, but
they remain imprecise and difficult to handle with routine
laboratory procedures (4, 7, 21).
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Recently, Yamashiro et al. developed a real-time RT-PCR
assay to quantify HDV RNA in serum, and they suggested a
possible correlation between the viral load and the clinical
stage of liver disease (41). This test, which is sensitive and
simple to perform, was designed to detect HDV-2 and HDV-4
viruses. However, these HDV types are mostly located in Far
Eastern regions of the world and are not commonly detected in
European countries. For the present study, a consensus real-
time RT-PCR assay was developed to quantify HDV RNAs of
all known types in serum. The assay was sensitive enough to
detect 100 HDV RNA copies per ml of serum. It was used to
quantify viral loads in sequential sera collected from patients
with chronic delta hepatitis during the course of IFN treat-
ment. The results revealed different patterns of viral load reduc-
tion among the patients, indicating that the treatment efficacy
might be monitored more accurately with an RT-PCR-based
quantitative approach than with a qualitative RT-PCR ap-
proach. This assay is proposed for the follow-up of chronically
infected patients with the aim of defining guidelines for stan-
dardized treatments.

MATERIALS AND METHODS

Patients and samples. Eighty-four blood samples (numbered 1 to 84) were
used for validation of the assay. HDV-negative samples (no. 1 to 26) were tested
to evaluate the specificity of the assay. Among these samples, 5 were positive for
the HBV surface antigen and HBV DNA (no. 1 to 5) and 16 were negative for
the HBV surface antigen but positive for either hepatitis C virus (HCV) RNA
(no. 6 to 11), hepatitis A virus (HAV) IgM (no. 12 to 15), human immunodefi-
ciency virus (HIV) RNA (viral load, >10,000 copies/ml; no. 16 to 20), or hepatitis
E virus RNA (no. 21). The remaining five samples were negative for HCV RNA,
HAYV IgM, and HIV RNA. Samples 41 to 79, which according to Radjef et al.
(30) corresponded to HDV-1 (no. 41 to 63), HDV-2 (no. 64), HDV-5 (no. 65 to
70), HDV-6 (no. 71 to 74), and HDV-7 (no. 75 to 79), were tested with both a
qualitative RT-PCR assay designed to amplify the R0 region of the HDV genome
(nucleotides 885 to 1285) (20, 30) and the new quantitative real-time RT-PCR
assay. HDV-3 samples (no. 80 to 84) were available from a collection of dried
blood spot specimens on filter paper collected by means of fingertip pricks from
infected individuals in the Amazonia region (T. Hanslik and G. de Catheu, un-
published). The filter papers were air dried and stored at room temperature until
use. For the assay, a 7-mm disk was punched out of the center of each dried
blood spot, soaked in 500 pl of a 9%0 NaCl solution, and stored at —20°C. RNAs
were extracted from 250-pl eluates by use of a QIAamp MinElute virus vacuum
(QIAGEN, Courtabeeuf, France) according to the manufacturer’s recommen-
dations.

Eleven patients, labeled A to K (76 samples), who had been treated or were
being treated with IFN (or its pegylated form, PEG-IFN) for chronic HDV
infection and for whom sequential serum samples had been kept frozen at
—80°C, were selected for retrospective HDV RNA quantification. These samples
had previously been collected for routine diagnostic purposes and tested with the
qualitative assay cited above. The age, sex, HDV type, and HIV status of each
patient are presented in Table 1.

Aliquots containing 40 or 4,000 HDV RNA copies derived from the total liver
RNA from a woodchuck (woodchuck 5) infected with the HDV-1 prototype (9,
29) were used as controls.

Real-time PCR quantification in serum samples. HDV RNAs were extracted
from 250 pl of serum or plasma by use of a QIAamp MinElute virus vacuum
(QIAGEN, Courtaboeuf, France). cDNAs were synthesized as previously de-
scribed (20) and were purified with Montage PCR centrifugal filter devices
(Millipore, Molsheim, France).

The primers and probe were designed to take into account the genetic vari-
ability of HDVs (30). The forward primer was selected to target the ribozyme
region of the genome, and the reverse primer targeted region I of the antige-
nome ribozyme (28). The probe, which hybridized to the same region as the
reverse primer, was designed to anneal to the antigenomic sequence to avoid
base pairing with the reverse primer. The names and sequences of the primers
and probe were as follows: Delta-F (forward primer), 5'-GCATGGTCCCAGC
CTCC-3'; Delta-R (reverse primer), 5'-TCTTCGGGTCGGCATGG-3'; and
Delta-P (probe), 5'-FAM-ATGCCCAGGTCGGAC-MGB-3'. Because of the
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TABLE 1. Clinical features of patients selected for retrospective
sequential quantification of HDV RNA in blood samples

Patient Sex* Age HDV type? HIV status® No. of samples

tested
A M 54 1 NEG 7
B M 40 1 NEG 4
C F 45 1 NEG 8
D M 37 1 NEG 6
E M 52 1 NEG 4
F M 44 1 NEG 11
G M 42 1 NEG 4
H M 37 1 POS 9
I M 43 1 POS 4
J M 54 1 POS 10
K M 40 5 POS 9

“M, male; F, female.

> HDV types were determined by sequencing the R0 region (or by restriction
fragment length polymorphism analysis for patients A, C to E, and G).

¢ NEG, negative HIV serology; POS, positive HIV serology.

existence of one mismatch with the sequences of HDV-3 genomes, the following
second direct primer was specifically designed for the amplification of HDV-3
isolates: T3-Delta-F, 5'-GCATGGCCCCAGCCTCC-3'.

Real-time PCRs were performed by using the TagMan Universal PCR master
mix (Applied Biosystems, Courtabeeuf, France). Purified cDNA (10 pl) was
added to a 40-pl PCR mixture containing 25 pl of TagMan Universal PCR
master mix, 300 wmol/liter of each primer, and 200 pmol/liter of fluorogenic
probe. The reaction consisted of one initiating step of 2 min at 50°C, followed by
10 min at 95°C and then 45 cycles of amplification including 15 s at 95°C and 1
min at 60°C. The reactions, data acquisition, and analyses were performed with
the ABI PRISM 7000 sequence detection system (Applied Biosystems, Court-
aboeuf, France).

The plasmid pCRII-dFr45-R'1 (30), containing one copy of the R'I region of
the HDV genome (nucleotides 305 to 1,161 according to Wang et al. [38]), was
used as a standard for HDV ¢cDNA quantification. After EcoRI (Biolabs, St.
Quentin en Yvelines, France) digestion of the plasmid, the R'I region was
purified from an agarose gel by the use of QIAEX II (QIAGEN, Courtaboeuf,
France). The concentration of purified R’/ DNA was determined with a multi-
channel spectrophotometer, and the corresponding copy number was calculated.

Qualitative RT-PCR for HDV RNA detection in serum samples. HDV RNA
detection in serum samples was performed as previously described (20). HDV
type determination was performed with the amplified RO region of the genome
(nucleotides 885 to 1285), using either a two-step restriction fragment length
polymorphism procedure (E. Gordien, N. Radjef, M. Tamby, P. Dény) or a
previously described phylogenetic analysis of the sequence (30).

Statistical analysis. The Mann-Whitney nonparametric U test (StatView 4.02)
was used for statistical comparisons. Differences were considered significant at
P values of =0.05.

RESULTS

Specificity, sensitivity, and reproducibility of real-time PCR
assay for detection and quantification of HDV RNA in serum.
The HDV R’I fragment was used as a standard to quantify
HDV RNA. Tenfold serial dilutions ranging from 10 to 10’
copies were tested in triplicate, with the mean cycle threshold
(Cy) values plotted against the copy number to establish a
standard curve. The correlation coefficient was repeatedly
>0.997 and the slope was —3.5. The amplification efficiency,
calculated as [10C151°P9) — 1] X 100, was 93%. Dilutions
corresponding to inputs of 1 and 10 copies per reaction were
repeatedly detected (results not shown). Thus, according to the
dilution factors used during the RNA extraction and RT pro-
cedures, the sensitivity of the assay to detect HDV RNA in
clinical samples was 100 copies/ml of serum and the linearity of
quantification ranged from 10° to 10° copies/ml.

The total liver RNA from woodchuck 5 infected with the
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TABLE 2. Intra- and interassay reproducibility

Amt of sample Mean % CV
(for standargs) Mean Cy viral load % CV of viral
or sample no. value (copy/ml)? of Cr load”
Standards (intraassay)®
10 copies/10 pl 38.74 NA 2.60 NA
10? copies/10 .l 32.75 NA 1.60 NA
10° copies/10 pl 29.66 NA 1.40 NA
10* copies/10 pl 26.04 NA 0.50 NA
10° copies/10 pl 22.57 NA 0.70 NA
10° copies/10 pl 19.21 NA 0.40 NA
107 copies/10 .l 16.92 NA 0.60 NA
Intraassay samples’
20.95 2.13 x 10° 0.25 2.70
28 23.17 4.70 X 10° 1.89 7.40
29 24.13 3.20 X 10° 0.18 1.80
30 24.36 2.10 X 10° 2.48 7.20
31 26.49 7.50 X 10* 0.57 6.70
32 29.38 1.30 x 10* 1.63 25.00
33 30.41 7.00 X 10° 0.34 7.10
Interassay samples®
34 24.69 220 X 10° 3.03 25.40
35 25.46 1.30 X 10° 1.66 24.10
36 26.50 8.80 x 10* 3.54 3.30
37 32.61 1.70 X 10° 0.88 17.30

“ Intraassay reproducibility was evaluated with eight replicates of 10-fold stan-
dard dilutions.

® Intraassay reproducibility was evaluated with three replicates of serum sam-
ples (27 to 33) subjected independently to extraction.

¢ Interassay reproducibility was evaluated with three replicates of serum sam-
ples (34 to 37).

4 NA, not applicable.

HDV-1 prototype (9, 29) was subjected to the assay for HDV
RNA quantification. Dilutions were then performed to obtain
10-pl aliquots containing 40 and 4,000 copies. These aliquots
were stored at —80°C and used as low- and medium-level
controls for the assay. A run was considered valid when the low
control value was between 30 and 50 copies/10 pl and the
medium control value was between 3,200 and 5,000 copies/10
! (corresponding to a coefficient of variation [CV] of 30%).

The assay specificity was ascertained by the negative RT-PCR
results obtained after 45 cycles of amplification for all 26 con-
trol samples with negative HDV serology (results not shown).

The intra-assay reproducibility was evaluated by two ap-
proaches. First, eight replicates of 10-fold standard dilutions
ranging from 10 to 107 copies per reaction were tested in the
same experiment. The CVs of the C;-values ranged from 0.4%
to 2.6% and are reported in Table 2. Second, three replicates
of seven serum samples (no. 27 to 33) were independently
subjected to RNA extraction, cDNA synthesis, and real-time
PCR in the same experiment. The mean viral load of each
sample ranged from 7,000 to 2,130,000 copies/ml, and the CV
ranged from 1.8% to 25% (Table 2). For estimation of the
interassay variability, RNAs were extracted and amplified from
four serum samples (no. 34 to 37) in triplicate (three different
operators on three distinct days). The mean viral load of each
sample ranged from 1,700 to 220,000 copies/ml, and the CV
ranged from 3.3% to 25.4% (Table 2).

The real-time PCR assay and the qualitative assay were
compared in terms of sensitivity. Three cDNAs obtained from
three distinct serum samples (no. 38 to 40) were diluted to
determine the end-point dilution value for each assay. Purified
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cDNAs were diluted from 1/2 to 1/10,000, and each dilution
was tested in parallel with both the qualitative and quantitative
assays. With the qualitative assay, the last detectable dilution
after ethidium bromide staining of the agarose gel was 1/100
for sample 38 and 1/1,000 for samples 39 and 40. With the
real-time PCR assay, the end-point dilution values were 1/500,
1/1,000, and 1/5,000 for samples 38, 39, and 40, respectively,
indicating that the qualitative and quantitative assays displayed
the same range of sensitivity (results not shown).

HDV RNA quantification for blood samples. The quality of
each assay was monitored with different external controls. Neg-
ative controls consisting of two aliquots of water (one sub-
jected to the entire experimental process, including the extrac-
tion step, and one subjected to real-time PCR only) and one
HDV-negative serum were tested in each assay in order to
detect RNA or DNA (plasmid) contamination. Low- and me-
dium-viral-load controls consisting of total HDV-1-infected
woodchuck liver RNA were used to monitor the quantification
reproducibility of the assay. Finally, each run included a serum
sample which had been quantified in a previous run. The assay
was considered valid if the interassay CV of this sample re-
mained beneath 30%.

The ability of the assay to quantify HDV RNAs of different
types was evaluated with a panel of 39 serum samples, con-
taining either type 1 viruses (n = 23, samples 41 to 63) or
viruses of type 2, 5, 6, or 7 (n = 16, samples 64 to 79). For the
23 HDV-1 samples, the median copy number was 195,000 (5.29
log,), with values ranging from 200 (2.3 log,,) to 98,600,000
(7.99 log, ) copies/ml of serum (viral loads of <1,000 copies/ml
were extrapolated from the standard curve). For serum sam-
ples containing HDV-2 (n = 1), HDV-5 (n = 6), HDV-6 (n =
4), and HDV-7 (n = 5), the median viral load was 130,000 (5.11
log,), with values ranging from 200 (2.3 log,,) to 100,000,000
(8 log;,) copies/ml of serum. Thus, the viral load values ob-
tained for HDV-1 viruses and viruses of other types were not
significantly different, indicating that the assay could equally
detect and quantify HDV genomes of any of these types.

The ability of the assay to detect HDV-3 RNA in samples 80
to 84 was evaluated separately, as these RNA samples had
been extracted from the elution products of dried blood spots
(which did not allow a quantitative approach). These samples
had been found to be positive for HDV RNA with the qualita-
tive assay (although only a faint signal was detected on the ethid-
ium bromide-stained agarose gel). Samples 80 and 81 were
found to be positive with the real-time RT-PCR assay using
either Delta-F or T3Delta-F as a forward primer. For samples
82 and 83, HDV RNA was detected with primer T3Delta-F
only, and sample 84 remained negative under both conditions
(Table 3). However, one could expect that viral RNAs ob-
tained directly from serum might give better results.

HDV RNA quantification for chronically infected patients.
HDV viral loads were retrospectively determined by use of the
real-time RT-PCR assay with a collection of serial samples that
had been previously tested in the laboratory with the qualita-
tive RT-PCR assay. Eleven patients who had received or were
currently receiving IFN for chronic delta hepatitis were con-
sidered for this evaluation. Their viral loads, expressed as log,,
copy numbers per ml of serum, are reported in Fig. 1.

Two groups of patients could be distinguished on the basis of
the HDV viral load evolution. For the first group (Fig. 1A), a
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TABLE 3. HDV-3 RT-PCR results

Real-time RT-PCR C; value”

Sample Qlél%l_ilgegige with indicated primer
no. a
result Delta-F T3-Delta-F

80 ++ 44.55 35.38
81 + 39.54 32.84
82 * >45 41.28
83 * >45 36.56
84 * >45 >45

“Visual appreciation of the ethidium bromide signal intensity: =, faintly
visible band; +, band of low intensity; ++, band of medium intensity.
b C; values of >45 indicate a negative result.

reduction of at least 5 log,, copies per ml was observed during
the course of the treatment, suggesting a favorable virological
response to IFN therapy. For patients A and B, HDV RNA
was undetectable with both the qualitative and the quantitative
assays at the end of the treatment. Patient C, who had received
PEG-IFN for 1 year, presented a viral load which was dramat-
ically reduced but still detectable 2 months after the end of the
treatment. Patient D, who had not responded to previous IFN
therapy, had a decrease of 5 log,, copies per ml after 6 months
of PEG-IFN. This could indicate the initiation of a virological
response. In these two cases (patients C and D), the usual
qualitative assay had remained positive, thus providing no in-
dication of the viral load decrease. For the second group of
patients (Fig. 1B), the reduction of the viral load upon PEG-
IFN therapy did not exceed 2.5 log,, copies/ml. Patients E, F,
H, and I presented viral loads of >6.5 log,, copies/ml at the
initiation of therapy, and patients H and I were coinfected with
HIV. Interestingly, and despite the small number of patients,
the pretherapeutic viral load level appeared to be significantly
higher for the second group of patients than for the first group
(P = 0.05; Mann-Whitney U test).

Patient J (Fig. 2), who was chronically infected with HBV,
had been negative for HDV markers until a superinfection
with HDV occurred between June 2000 and September 2001.
In December 2001, viral RNAs became undetectable, suggest-
ing a spontaneous virus neutralization. However, in October
2002, the viral load was raised up to 5.5 log,, copies/ml. A
treatment with PEG-IFN was then initiated in February 2003,
leading to a rapid reduction of the viral load, which has re-
mained undetectable ever since, with both quantitative and
qualitative assays. Patient K, who was unsuccessfully treated
with IFN in 1999, developed a hepatic carcinoma in 2001 while
undergoing a new treatment. This patient underwent hepatic
transplantation in May 2002, and his viral load has remained
undetectable since.

DISCUSSION

HDV is associated with HBV infection in approximately 5%
of HBV surface antigen carriers worldwide. A chronic HBV-
HDYV mixed infection frequently leads to cirrhosis, and the
mortality rate for mixed infections is higher than that for
chronic HBV infections alone (34). The treatment of chronic
hepatitis D has made very little progress, although the long-
term benefit of high doses of IFN seems to be confirmed (12).
Like the case for chronic hepatitis C (26), the use of the
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pegylated form of IFN might improve the treatment efficacy,
but this has not yet been evaluated in the case of HDV. To
date, there is no consensus for the treatment of chronic hep-
atitis D. Efficacy is usually evaluated with biochemical, histo-
logical, and virological parameters, such as specific anti-HDV
IgM or HDV RNA. The detection of HDV RNA in serum or
plasma is performed by the use of homemade qualitative RT-
PCR techniques and reflects viral replication (8, 31, 36). Dur-
ing the last decade, the management of various chronic viral
infections has become more and more dependent on quanti-
tative molecular approaches. In the case of HCV, the viral load
is now used as a predictive marker of treatment efficacy. For
HDYV, the severity of the infection and the uncertainty of the
treatment outcome are incentives for the development of re-
liable HDV RNA quantification assays to monitor treatment
efficacy.

Real-time PCR based on TagMan technology provides an
accurate and sensitive means of quantifying viral genomes,
with the major advantage of avoiding post-PCR handling that
can be a source of DNA carryover. Several studies have re-
ported the benefit of this technique for the quantification of
viral genomes in blood samples (15, 18, 37). The large dynamic
range (10 to 107 copies) of the technique makes it particularly
attractive for HDV RNA quantification. Indeed, on the one
hand, large viral loads are expected to be detected in the case
of immunodeficiency or acute infection (as observed after di-
rect liver inoculation in chimpanzees [2]), and on the other
hand, very small amounts of RNA need to be detected during
the follow-up of patients under treatment.

The development of an accurate and sensitive test for HDV
RNA quantification in blood samples raises several technical
problems. First, the “rod-like” structure of HDV RNA, which
is due to intramolecular base pairing of >70% of the sequence
(22, 38), is likely to impair cDNA synthesis and therefore PCR
efficiency. Second, the genetic variability of the virus (5, 19, 30,
35, 40) requires the design of primers and probes to target the
most conserved regions of the genome (27). Indeed, the diver-
gence between HDV types has been shown to be as high as
37% over the entire nucleotide sequence of the genome (30).
As expected (3, 6), a comparative analysis of HDV sequences
of different types indicated that the most conserved regions of
the genome are located within the ribozymes (30). The primers
and probe were thus designed for these regions, and despite
the strong secondary structures in the primer annealing region,
the PCR efficiency was repeatedly over 93%. The quantitative
real-time RT-PCR assay that was developed in our laboratory
aimed to replace the qualitative assay as a routine diagnosis
procedure. This was made possible because of the sensitivity of
the assay and its ability to detect HDV RNAs of all known
types, thus avoiding false-negative results due to a low copy
number or sequence variability. HDV-4 isolates were not avail-
able for our study, but sequence alignments indicate that our
assay should work for the detection and quantification of
HDV-4 genomes. In the case of HDV-3 sequences, the exis-
tence of a mismatch in the forward primer led us to propose
the use of a specific forward primer when an HDV-3 infection
is suspected based on the clinical data, the geographical origin
of the patient, or the presence of specific anti-HDV IgM with
no detectable HDV RNA. Another problem concerns the stan-
dardization of the assay and its comparison to other existing
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FIG. 1. Evolution of HDV load in chronically infected patients treated with IFN. (A) Viral load kinetics suggesting a virological response to
PEG-IFN. Patients A and B seemed to respond to the treatment and to negate their viral loads. Patients C and D had detectable viral loads at
the end of the treatment, with decreases of >5 log,, copies/ml of serum. (B) Viral load kinetics suggesting no virological response to PEG-IFN.
Viral load decreases did not exceed 2.5 log;, copies/ml during the course of the treatment. In the cases of patients E, F, H, and I, the initial viral
load was >6 log;, copies/ml.
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FIG. 2. Evolution of HDV load in infected patients. Patient J, who
was coinfected with HBV and HIV, experienced an HDV superinfec-
tion. Patient K had a liver transplantation after two treatment failures.

techniques. To date, there is no available international stan-
dard or control to calibrate a quantitative assay for HDV.
Moreover, apart from the assay described by Yamashiro et al.
(41), which was specifically designed to quantify HDV-2 and
HDV-4 isolates (such isolates are only very occasionally
involved in HDV infections among European and African
patients in our environment, who are usually infected with
HDV-1, -5, -6, or -7), there is no reliable test available for
HDV RNA quantification in serum. Taken together, our re-
sults indicate that the real-time RT-PCR assay reported here is
sensitive enough to replace the qualitative assay for the detec-
tion of HDV RNA in serum (samples for which the real-time
RT-PCR assay detected 100 to 1,000 copies/ml were consid-
ered positive even when their values were below the quantifi-
cation level) and reproducible enough to follow viral load
kinetics in infected patients, with the quantification reproduc-
ibility being monitored by the use of external controls.

The clinical impact of HDV RNA quantification in serum
remains to be fully established, but a recent study already
indicated the possibility of an association between the HDV
RNA load and liver damage (41). In the present study, 11
chronically infected patients for whom sequential serum sam-
ples were available were evaluated in terms of the HDV viral
load. Two patterns of virological response to IFN were distin-
guished according to the viral load reduction during treatment.
Whether the qualification (based on the HDV viral load) of
“responder” or “nonresponder” to treatment is appropriate
would need further evaluation, since treatment failure could be
due to a relapse after the end of therapy. Other factors such as
the alaine amino-transferase level may need to be taken into
account. However, our results suggest that HDV RNA quan-
tification might help with monitoring the treatment duration.
Indeed, in some cases, a viral load decrease might take a long
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time (as in the case of patient C), and some patients might
need to be treated for >1 year, as previously described (24). In
the case of patient D, a significant decrease in the HDV RNA
load was observed during the course of PEG-IFN therapy,
although the patient had remained resistant to a prior 1-year
treatment with IFN. This might indicate more efficacy of PEG-
IFN for the treatment of chronic delta hepatitis. A quantitative
RT-PCR assay will be useful to evaluate this possibility. Pa-
tients E to I maintained high viral loads during PEG-IFN
therapy, indicating that other factors might interfere with the
treatment efficacy. For example, the initial viral loads were
higher for the nonresponder group than for the responders (P
= 0.05), and this could indicate that the baseline viral load
might predict treatment efficacy and could be taken into ac-
count during the management of treatment in terms of dose
and duration.

In summary, we have developed a sensitive assay to quantify
HDV RNA in plasma or serum. Most importantly, the assay is
consensual in that it performs equally across all known HDV
types. Indeed, one should keep in mind that the HDV genome
may diverge up to 37% at the nucleotide sequence level, and
such variability is usually an impediment to the development of
a universally sensitive assay. Our procedure overcomes this
difficulty. The medical impact of HDV RNA quantification in
serum remains to be established, and studies involving a larger
number of patients are currently under way to address this
point. However, this assay should help with the management of
chronically infected patients, with specifying their evolutionary
profiles before, during, and after treatment, and with the study
of the natural history of HDV infection. It could also be used
in large-scale prospective studies to define treatment guide-
lines and to evaluate the efficacy of new drugs.
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